The aim of the study is to prospectively investigate the common malignancy criteria of nodules with the inclusion of malignancy potential in palpable thyroid nodules by imaging scintigraphically and sonographically. The study was conducted on 55 patients with palpable thyroid nodules including the suspicions of malignancy. The evidences of the scintigraphic and ultrasonographic images were evaluated prospectively. The evidences were compared with histopathologic results after surgical intervention.
Introduction
Thyroid diseases are fairly common. Most of these are clinically palpable nodules. It is reported that 4% of the American population has clinically a palpable thyroid nodule. Autopsy studies showed that 8% of the population had thyroid nodules. It has been reported that 15% of women over 50 years old have a single or multiple nodules in their thyroid [1] . Due to increased availability and sophisticated imaging techniques, increasing numbers of thyroid nodules are determined incidentally. There are palpable thyroid nodules in 1% of men and 5% of women, moreover, there are ultrasonically detectable thyroid nodules in 19% to 67% of unselected patients [2] . In general, 5-15% of these nodules are thyroid cancers although most of the thyroid nodules are benign [3] .
Cold thyroid nodules are a major problem because the rate of malignity in solitary cold thyroid nodules is 15-25% and in multiple cold thyroid nodules is 1-6% [4, 5] . Thyroid function tests should be evaluated. Malignancy rate is 1% if thyroid stimulating hormone (TSH) is low. If thyroid nodules are detected, scintigraphy is no indication in the first step. Scintigraphic imaging should be performed if the dominant thyroid nodule in the patient with low TSH (<0.4 mU/L) is ˃1 cm. Malignancy rate is 15-20% in cold nodules and <5% in hot nodules [6] . Ultrasonographic evidences associated with thyroid cancer are microcalcification, hypoechogenicity, irregular margin, the absence of halo, intranodular vascularity, round appearance [6] . The detachment of malignant nodules from benign thyroid nodules and early diagnosis of malignant potential nodules are very important in terms of prognosis. If the palpable nodule is detected on the thyroid gland clinically, scintigraphy and ultrasonography (USG) should be performed in addition to thyroid function tests in order to determine the probability of malignancy of the nodule. The main clinical problem in thyroid nodules is to exclude malignancies in these nodules. Most patients with thyroid nodules are asymptomatic, but the absence of symptoms does not exclude malignancy. In the United States, while the annual incidence of thyroid malignancies was 4.9 per 100.000 in 1975, it increased to 14.3 in 2009 [7] . Thyroid cancer rate is 40 cases for one million population every year. Mortality due to thyroid cancer is 6 cases for one million population every year [1] . I aimed to prospectively investigate the common malignancy criteria of nodules with the inclusion of malignancy potential in palpable thyroid nodules by imaging scintigraphically and sonographically.
Materials and Methods
The study was conducted on fifty-five patients with palpable thyroid nodules including the suspicions of malignancy admitted to Department of General Surgery in Haydarpaşa Numune Hospital from August 1989 to January 1991.
The criterion used in the selection of patients was all patients with the suspicions of thyroid malignancy admitted at this time period. The ages of fifty females and five males patients ranged from 12 to 78 years old with a mean age of 26.8 years. Scintigraphic and ultrasonographic examinations were performed after thyroid function tests such as TSH of these patients were analyzed. The evidences of the scintigraphic and ultrasonographic images were Thyroid scintigraphy was performed 30-60 minutes after the administration of Technetium-99m-pertechnetate (Tc99m) intravenously 1 millicurie (mCi). The results were recorded on a film, photographic paper or plain paper by a gamma camera by using a pinhole collimator while the patient was in the supine position and the neck was hyperextension. Nodules were classified as cold, hot, and normoactive. 
Statistical Analysis
The Kolmogorov-Smirnov test was used for normal distributions. Mann-Whitney U and chi-square tests were performed to compare the results. Sensitivity and specificity were calculated. Differences were considered statistically significant at a value of p≤0.05. The statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) for Windows Version 15.0.
Results
Histopathologically, malignancy was detected in five of fifty-five patients after surgery. For this reason, the patients were divided into two groups as benign and malignant. A statistically significant difference between benign and malignant groups was not found according to gender and age (Table 1 ). All the patients in the malignant group were female. After the patients had been evaluated according to their histopathological results, papillary carcinoma was found in four patients and papillary-follicular carcinoma was in one patient. Follicular adenoma was detected in seven patients. Other patients were reported as multinodular colloidal adenomatous hyperplasia.
In scintigraphic examinations, a total of ninety-three nodules were found in fifty-five patients. Twenty-six patients had solitary nodules and twenty -nine patients had multiple nodules. Of the ninety-three nodules sixty-one were cold, twelve were warm, and twenty were normoactive. Forty-six patients had the cold nodule. The rate of 
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malignancy in patients with cold nodule was 10.8%. A scintigraphic image of the cold nodule of a patient with a benign histopathologic result is shown in Figure 1 . A statistically significant difference between benign and malignant groups was not found according to the presence of malignancy in patients with cold nodule (Table 1) .
There was no hot nodule in the malignant group. The cold nodules were determined in eighteen patients after the radioactive characteristics of the nodules were evaluated in twenty-six patients who had a solitary nodule in scintigraphic images. Three of these patients were malignant and the rate was 16.6%. The cold nodules were determined in twenty-eight patients after the radioactive characteristics of the nodules were evaluated in twenty-nine patients who had multiple nodules in scintigraphic images. Two of these patients were malignant and the rate was 7%. Accordingly, the sensitivity and specificity of cold nodules to malignancy were found as 100% and 82%, respectively ( Table 1) . In sonographic examinations, a total of one hundred and sixteen nodules were found in fifty-five patients. The smallest of these nodules was 4.3 mm and the largest was 65 mm. The mean nodule diameter was 33 mm. A comparison was performed between two groups of patients according to the dominant nodule diameter of each patient, and the diameter was significantly larger in the malignant group (p=0.007) ( Table 1 
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nodules. More than one nodule was determined in ten patients after sonographic examination had been performed in twenty-six patients who had a solitary nodule in scintigraphic images and the rate was 38.4%.
One hundred and sixteen nodules were evaluated according to their sonographic characteristics and it was seen that there were eighty-eight solid, twenty-five complex, and three cystic characters. The malignancy was identified in three of the solid nodules and was in two of the complex nodules. The malignancy was not found in cystic nodules.
The sensitivity to determine malignancy was 100% while the solid and complex structure of the nodule was evaluated together, but it was 60% and 40% respectively while assessed separately. The specificity to determine malignancy of the solid and complex structure of the nodule was 8% while the solid and complex structure of the nodule was evaluated together. The specificity to determine malignancy was 26% for solid nodule and was 82% for the complex nodule.
Eighty-eight solid nodules were evaluated according to their sonographic echogenicity and it was seen that there were fifty-six hypoechogenic, twenty isoechogenic, and twelve hyperechogenic. Three cases of malignancy were hypoechogenic too. The microcalcifications were found in six patients. One of these patients was malignant. The contours of the nodules were assessed sonographically and irregular margins were found in ten patients who had seventeen nodules. All of five malignancy patients were also found to have an irregular margin. The forty-one nodules with no halo were found in twenty-two patients. Four of the five malignant patients had no halo.
The patients with only one malignancy findings at USG were compared according to groups and a significant difference was not found (Table 2) . However, the patients with two or three malignancy findings at USG were compared according to groups and significant differences were found (p=0.001) ( Table 2 ). The sensitivity and specificity for the patients with two malignancy findings at USG were found as 100% and 72%, respectively.
Moreover, the sensitivity and specificity for the patients with three malignancy findings at USG were found as 60%
and 96%, respectively ( Table 2 ). The sensitivity and specificity of USG findings suggesting malignancy in thyroid nodules were separately calculated (Table 3) . Absence of halo 80 66 Table 3 : suggesting malignancy in thyroid nodules.
Malignancy findings at USG
Discussion
Thyroid nodules were generally evaluated as primer via scintigraphy in previous periods. Solitary cold nodules, in other words, solitary hypoactive nodules were considered to have the malignant probability of 15-25%. The malignancy probability of cold nodule cases detected in a multinodular gland was between 1% and 6% [4, 5] . In this study, the likelihood of malignancy in solitary cold nodules was found as16.6% and was consistent with the literature. In addition, the malignancy probability of cold nodule cases detected in a multinodular gland was found as 7% and was a little higher than in the literature. In the investigations carried out, approximately 10-25% of the nodules detected as scintigraphic cold nodule was found as carcinoma [8] . In this study, the malignancy probability of the nodules detected as scintigraphic cold nodule was found as 10.8% and was consistent with the literature as well. Rojeski reported this rate as 16% [9] . Although the sensitivity and specificity of cold nodules to malignancy were found as 100% and 82%, respectively, a statistically significant difference between benign and malignant groups was not found according to the presence of malignancy in patients with the cold nodule. The reason for this may be due to the low number of patients. Nowadays, scintigraphy is recommended to be performed in patients with TSH suppression [4, 10] .
Nowadays, the basis of thyroid nodule management is high resolution ultrasound (US), sensitive TSH, fine needle aspiration biopsy (FNAB) and clinical findings. Clinical and US risk factors for malignant diseases should always be observed. All patients with palpable thyroid nodules or clinical risk factors should undergo US evaluation. In ATA guidelines, it has been stated that thyroid USG evaluating of cervical lymph nodes should be performed in all patients with known or suspected thyroid nodules (strong recommendation, high level evidence). The USG can assess the size, characterization, presence of a nodular structure in the thyroid gland and whether there is a cervical lymphadenopathy associated with the nodule. Thyroid USG is widely used to evaluate the risk of malignancy in thyroid nodules and to decide whether or not the FNAB is indicated. It helps to distinguish non-palpable nodules up to a size of 0.3 mm. The malignancy rate was found as 27% in those with solitary nodule and multinodular goiter and those with the dominant nodule diameter was 40 mm or more [11] . In this study, the size of the nodule diameter was found to be significant in terms of malignancy ( Table 1 ). The cancer risk is similar in those with solitary thyroid nodules and those with multinodular goitre (Evidence Level 3, according to the AACE / ACE / AME guidelines evidence levels) [12] [13] [14] [15] [16] . The cancer risk was not similar in those with solitary thyroid nodules and those with multinodular goitre in this study due to the low number of patients. It has been suggested that about 70% of solitary cases in scintigraphy and physical examination were sonographically multiple [17] . In this study, this rate was found as 38.4% due to the low number of patients. 
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The majority of thyroid cancers, 82-91% are solid tumors [18] [19] [20] [21] [22] . In a study carried out in Mayo clinic, 88% solid or minimal cystic were determined in 360 consecutive cases operated due to malignancy, 9% were less than 50% cystic and only 3% were more than 50% cystic [23] . In this study, the malignancy was identified in three of the solid nodules and was in two of the complex nodules. The sensitivity to determine malignancy was calculated as100% for the solid and complex structure together. However, it was calculated as 60% and 40% respectively for separate assessment. Therefore, the decision of FNAB for partially cystic thyroid nodules should be performed by taking into account the different US findings. These findings include the eccentric placement of the solid component, sudden angulations in the components, and microcalcifications.
Most of the thyroid nodules are hypoechoic, similarly, most of the thyroid cancers are hypoechoic according to normal thyroid tissue. The risk of malignancy in isoechoic nodules is moderate and is low in hyperechoic nodules [4] . In this study, the malignancy was detected in three of eighty-eight solid nodules and three patients had hypoechoic nodules too. Rago and colleagues suggested the sensitivity and specificity for malignancy of hypoechoic nodule as 66.6% and 45.6%, respectively. Moreover, Papini and colleagues suggested these values as 87.1% and 43.4%, respectively [12, 24] . In this study, the values of 60% sensitivity and 50% specificity were close to the study of Rago and colleagues (Table 3) .
Microcalcifications are seen as hyperechogenic points of the nodule in the USG. It is usually multiple and the dimensions are smaller than 2 mm [25] . Calcification is present in 10-15% of all thyroid nodules. Location and pattern are important to distinguish malignant-benign nodules [4] . Peripheral calcification in the form of the eggshell is found in benign nodules. In the same way, large and coarse calcifications are the sign of benignity. Fine and punctate calcifications suggest the risk of malignancy. Thin calcifications can be the psammoma bodies and these bodies are seen in papillary carcinoma. Microcalcifications may also occur in medullary carcinoma. In the literature, it is stated that the most reliable sonographic finding in the benign-malign nodule differentiation is microcalcification [17] . In spite of low sensitivity (36%), the highest specificity (93%) was found among the sonographic criteria [26] . The appearance of microcalcification in the form of a snowstorm has 100% specificity.
FNAB should be performed for nodules containing microcalcification having this appearance [27] . Similarly, in this study, sensitivity and specificity were found as 20% and 90%, respectively (Table 3) .
Irregular margin, excessive microlobulation on the borders of the nodules are accepted to be malignancy finding [28] . Benign nodules tend to be well-defined, sharp contours, while malign nodules tend to be irregular limited, weak contoured. In this study, the sensitivity and specificity of detection of malignancy in nodules with irregular margins were calculated as 100% and 90%, respectively. Papini and colleagues found these values as 77.5% and 80%, while Kim and colleagues found 55.1% and 83% respectively [12, 28] .
Halo is sonographically hypoechoic, a sonolucent ring seen around the nodule. It is usually considered to be a benign finding. In the benign nodules, It is regular, thinner than 2 mm, surrounding the nodule continuously [29] .
The halo capsule, which separates the nodule from the thyroid tissue, may be due to compression tissue, [30] . An ultrasonographic image of the halo of a patient with a benign histopathologic result is shown in Figure 2 . In the study performed by Rago and colleagues, the sensitivity of demonstration the malignancy of the absence of halo was found to be 66.6% and specificity 77% [31] . In this study, the sensitivity of detecting malignancy of halo absence was 80% and specificity was 66% (Table 3 ). Figure 1 ).
In the USG study, although the sensitivity is low for a single feature, the features with the highest specificity (median> 90%) for thyroid cancer are microcalcifications, irregular margins, and tall shape. Several studies performed have reported that various of USG features is associated with thyroid cancer and the majority are papillary thyroid cancer. These features include microcalcifications, nodule hypoechogenicity, irregular margins, and tall nodule (Evidence Level 2, according to the AACE / ACE / AME guidelines evidence levels) [12, 14, [18] [19] [20] [21] [32] [33] [34] . It is not appropriate to estimate the malignancy with only USG characteristics because these features described in USG have a low predictive sensitivity to cancer. The combination of two or more of these features may suggest an increased risk of thyroid cancer. In this study, there was no significant difference when patients with only one malignancy finding at USG compared according to groups (Table 2) . Moreover, these features such as hypoechogenicity, microcalcification, and absence of halo described in USG had a low predictive sensitivity to cancer (Table 3) . However, significant differences between the groups were indicated after the patients with two or three malignancy findings at USG had been compared (Table 2 ). In addition, the sensitivity for the patients with two malignancy findings at USG was found as 100% (Table 2) . These results are the most striking findings of the study.
The limitation of this study is a low number of patients. Comparing prospectively assessed imaging findings with definitive pathology results is the strong side of the study.
Conclusion
Considering the scintigraphic features, the hypoactive appearance of the nodule at scintigraphy is a reliable finding with a low grade in the detection of malignancy, furthermore, the risk of malignancy is not high when this finding is 
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detected. The solid, cystic or complex sonographic structure of the nodule is not a reliable finding in the screening of malignancy. Similarly, the solitary sonographic structure of the nodule is also not a reliable finding in the screening of malignancy. In the presence of these findings, the risk of malignancy is not high. Considering the ultrasonographic features, the most sensitive features of malignant differentiation are nodule with irregular margin, nodule without halo its around, and a hypoechoic appearance of the nodule. The highest specificity is nodule with microcalcification and irregular margin. According to these findings, microcalcification is not a reliable finding in the screening of malignancy, but the risk of malignancy is high when microcalcification is detected. The hypoechoic appearance of the nodule and the absence of halo around the nodule are reliable in the detection of malignancy, but the risk of malignancy is low because of low specificity when these features are detected. However, since irregular margin sonographic sensitivity and specificity are high, it is safe for malignancy screening and the risk of malignancy is high when this finding is detected. Furthermore, because the sensitivity for the patients with two malignancy findings at USG is high, it is safe for malignancy screening when two findings are detected for the same patient. In summary, the combination of two or more of these USG findings may suggest an increased risk of thyroid cancer and FNAB is still the most important diagnostic method in the diagnosis of thyroid malignancies.
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